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Implementing the
New Ecosystem Services Mandate
A Catalyst for Advancing Science and Policy
By J.B. Ruhl, James Salzman, and Iris Goodman

The new rule provides an important opportunity for improving compensatory mitigation by integrating
a needed ecosystem services component in the assessment process—the only problem—the science
necessary to create the methods for assessment does not widely exist. Where do we go from here?

O

n April 10, 2008, the U.S. Army Corps of Engineers
and the U.S. Environmental Protection Agency (EPA)
jointly published final regulations defining standards
and procedures for authorizing compensatory mitigation of impacts to aquatic resources that the Corps permits under
§404 of the Clean Water Act (CWA).1 Prior to these final regulations, §404’s compensatory mitigation program was administered
under a mish-mash of guidances, inter-agency memoranda, and
other policy documents issued over the span of 17 years.2 Although
motivated primarily by the need to bring the program under one
comprehensive regulatory framework, the final regulations also
introduce ecosystem services into the mitigation decisionmaking standards for the first time by requiring that “compensatory
mitigation should be located . . . where it is most likely to successfully replace lost functions and services.”3 Easily overlooked in
the lengthy Federal Register document, this is a potentially significant development, but it is unlikely to gain policy traction without
substantial research into the development of efficient and reliable
wetland ecosystem service assessment methods. To help orient such
research efforts, this article provides an overview of how the final regulations integrate ecosystem service analysis into compensatory mitigation decisions and offers suggestions for a research
agenda to support implementation of that feature of the rule.
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cant turning point in the program’s integration of ecosystem services into mitigation decisionmaking. It is the first major federal agency legislative rule to explicitly integrate ecosystem services as one
of the decisionmaking factors in a regulatory permitting program.
Initially, the rule adopts the term “services” to mean “the benefits that human populations receive from functions that occur in
ecosystems.”4 The rule mandates that “[i]n general, the required
compensatory mitigation should be located within the same watershed as the impact site, and should be located where it is most likely
to successfully replace lost functions and services . . . .”5 Supporting
that directive, the rule explains that “the success of compensatory
mitigation for impacted habitat functions . . . may lead to siting of
such mitigation away from the project area. However, consideration
should also be given to functions and services (e.g., water quality,
flood control, shoreline protection) that will likely need to be addressed at or near the areas impacted by the permitted impacts.”6
Accordingly, Corps district engineers, when making mitigation determinations, “may require on-site, off-site, or a combination of on-site and off-site compensatory mitigation to
replace permitted losses of aquatic resource functions and services.”7 EPA adopted an identical set of provisions in its part
of the joint rule to implement the §404(b)(1) Guidelines.8
Although the impact to ecosystem services is just one of
many factors the Corps must weigh in the compensatory mitigation decision under the new regulations,9 the integration of
that factor into the rule enables the EPA and the Corps to consider the issues arising from the migration of wetland services
from urban to rural areas, as well as the question of how wetland ecosystem services generally should be factored into compensatory mitigation decisions. The Corps’ permit rules and
the EPA’s §404(b)(1) Guidelines are summarized as follows:
• The Corps may require on-site, off-site, or a combination of on-site and off-site compensatory mitigation to
replace permitted losses of aquatic resource services.
• Compensatory mitigation should be located within the same
watershed as the impact site and should be located where it is
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most likely to successfully replace lost ecosystem services.
• When off-site compensatory mitigation is used, specific
consideration should be given to ecosystem services that
will need to be addressed at or near the areas impacted by
the permitted impacts.10
There is, however, no further detail in the rule to guide implementation of these requirements. In particular, the provision requiring
permittees to develop mitigation plans does not require assessment
of ecosystem services at the impact site as part of the “baseline
information” that the permittee must compile.11 On this point,
the agencies explained in the rule’s preamble that “[a]lthough the
services provided by aquatic resource functions are important to
consider when determining the type and location of compensatory mitigation projects[,] there are few methods available for
assessing services. Therefore, in most cases consideration of services will be conducted through best professional judgment.”12 Yet
the rule offers no additional guidance on what will inform this
“best professional judgment” or how the Corps will exercise it.
The sparse level of detail in the rule, however, by no
means defines the limits of detail for the program as a whole
or for the development and use of ecosystem service assessments. Just as the overall compensatory mitigation program
evolved over time prior to the rule through a series of interagency and Corps guidances and policy memoranda outlining
standards and practices, so too can the ecosystem services component of the new rule be further defined and implemented.
Research Agenda
The agencies unquestionably are correct that there are few methods available for assessing services;13 thus it would have been imprudent for the agencies to demand more detailed and substantive
wetland ecosystem service impact assessments before the science
is available to do so. On the other hand, the science on ecosystem services left the agencies little choice but to acknowledge in
the rule that compensatory mitigation does have an impact on
the distribution and delivery of ecosystem services to discrete human populations.14 The potential for co-evolution of policy and
science defines an important step for implementing the wetlands
compensatory mitigation rule—i.e., to develop a more robust base
of research and knowledge from which to develop such methods
for assessing services. The following sequence of three questions
is a useful way of designing such a research agenda: (1) What
questions must the Corps and the EPA address under the new
ecosystem services provisions? (2) What information and methods will the Corps and EPA need to competently answer those
questions? and (3) What research is needed to begin to compile
the necessary information and develop the necessary methods?
Questions
First, consider the questions the Corps and EPA must answer under
the new set of provisions:
• What combination of on-site and/or off-site compensatory mitigation will best replace permitted losses of
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ecological resource services?
• At what locations will compensatory mitigation be
most likely to successfully replace lost services?
• If off-site compensatory mitigation is used, what
services at or near the areas impacted by the permitted
impacts need to be addressed?15
Information Needs
Next, consider what information the Corps and the EPA should
have at their disposal and what information must be generated, either by the agencies or by the permittee, to effectively answer these
questions in site-specific decisions. Ideally, the following would be
available:
• Qualitative information about the kinds of services associated
with the particular wetland type in the particular region.
• Demographic information about human populations in
the impact area and at mitigation sites.
• Geospatial models of the watershed area showing the
transport pathways of services from the impact and mitigation sites to the relevant human populations.
• Quantitative assessments of the stocks and associated
flows of such services within the watershed.
• Economic valuations of the flows of services.
• Models for assessing the effects that cumulative losses
and gains of wetland resources within watersheds have on
the supply and pathways of ecosystem services.
• Projections of demographic and environmental change
in the relevant areas of the watershed.
Research Design
With these information needs identified, research should be
designed around the following:
• Classify types of wetlands and qualitatively describe the
services associated with each under different environmental,
biophysical, and regional conditions, as well as possible tradeoffs in services from different management approaches.
• Develop geospatial databases and models that can readily display ecological and demographic attributes of the
relevant impact and mitigation site areas, as well as cumulative impacts on aquatic resources and their associated services over time within watersheds.
• Establish an understanding of nonlinear temporal and
spatial scale effects on ecosystem services flows, particularly as a consequence of cumulative losses or gains in
aquatic resources within watersheds.
• Conduct pilot studies of wetland types in different regions, particularly in urban settings, to develop cost- and
time-efficient methods for identifying service flow pathways, quantities, and beneficiaries.
• Develop economic models for valuing wetland services
in local settings given information about the type of service, service flow pathways and quantities, and human
population receiving the service.

In an example of research that anticipated emerging management
issues related to ecosystem services, the EPA’s Office of Research
and Development in 2007 began planning such studies on wetlands as a major component of its Ecosystem Services Research
Program (ESRP).16 Initiated independently of the 2008 rule-making, this research provides a foundation to enable the assessment
of an array of core ecosystem services provided by freshwater and
coastal wetlands.17 The core wetland ecosystem services under
study include biological integrity and wildlife habitat provided
by wetlands, which have long been valued in their own right by
society.18 In addition, ESRP research is developing methods to
quantitatively assess other wetland services, including flood control and storm surge protection; maintenance of water quality, including nutrient cycling; maintenance of water quantity, including
recharge and baseflow; carbon storage and sequestration; support
of fisheries; and other contributions to human well-being, such
as recreational and cultural values associated with wetlands.19
This research extends ESRP’s previous work to develop ecological stressor-response models. In particular, ESRP’s new wetlands
research is designed to develop methods to assess the effects of
pollution, infrastructure development, hydrologic modification,
resource extraction, invasive species, climate change, and changing
patterns of land cover and use on these core ecosystem services.20
ESRP will conduct studies at wetland sites across the contiguous
U.S., including tidal and freshwater wetlands in portions of the Pacific
Northwest, the coastal wetlands of the Great Lakes, the coastal wetlands of North and South Carolina, isolated wetlands in the Midwest,
and urban wetlands in and near Tampa Bay, Florida.21 These studies
will be conducted in collaboration with local communities, state resource agencies, the EPA’s Regional Offices, other federal agencies, and
ESRP research partners in academia and the private sector.22
In order to enhance their comparability and extend their
usefulness to resource managers, these studies will share common
methods and products.23 These include developing ecosystem service indicators for wetlands, predictive landscape models that incorporate landscape profiles and wetland functional surfaces, atlases that depict the spatial distribution of wetland services, and tools
to assess trade-offs among wetland ecosystem services, as affected
by various stressors to these systems.24 A major objective of ESRP’s
wetlands research is to provide quantitative information on baseline services provided by wetlands, as well as methods for prospective scenarios of how these services may change in the future—at
site, landscape, and sub-regional scales.25 ESRP’s goal is to provide
information about wetland ecosystem services that will support innovation in resource management and private-sector investments
in wetland stewardship and conservation.26
It will be important, of course, to build from the results of
such research to develop wetland service assessment methods that
the Corps can apply in permitting decisions efficiently and reliably, without undue time and expense. As these methods emerge
and are refined over time, Corps district engineers exercising best
professional judgment about impacts to services can move from
basing decisions on generalized qualitative assessments to more
site-specific quantitative, biophysically-based assessments. This

shift will make their decisions more transparent and justifiable
from site to landscape to sub-regional scales. Moreover, the Corps
and EPA can begin to integrate information collected on ecosystem
services into aggregate geospatial databases on wetland mitigation,
allowing regional assessments of wetland ecosystem service distributions. Ultimately, manuals and other forms of guidance can be
published to provide more uniform practice across the program.
The same co-evolution of science and policy implementation occurred for wetland delineation methods and functional assessment
methods27—there is no reason to believe it cannot also happen for
wetland service assessment methods.
Conclusion
Prior to the rise of mitigation banking, the principal method for
a land development project to satisfy regulatory wetland mitigation requirements was to compensate for resource losses through
on-site creation, enhancement, or preservation of wetlands. The
result of this practice, compounded over tens of thousands of land
development projects, was an administrative nightmare for federal
and state regulatory agencies administering wetland protection
programs. Numerous retrospective studies show that individual
project compensatory mitigation was poorly designed, inadequately implemented, and infrequently monitored. In mitigation banking, by contrast, the banker is more easily subjected to permitting
standards and close monitoring and has an economic incentive to
produce and sustain the wetland values needed to generate credits
to sell. Yet, far from discounting these advantages or suggesting
that mitigation banking is inherently inferior to on-site mitigation,
it is precisely these features of mitigation banking that suggest ecosystem service values could appropriately be integrated into compensatory mitigation. The good should, and can, be made better,
and the new rule is a significant move in that direction. From here,
much will depend on follow through in research and, ultimately, in
the Corps’ commitment to implement a mandate that should have
long been a part of the §404 program.
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